Background {#Sec1}
==========

Extraintestinal pathogenic *E. coli* (ExPEC) strains colonize various sites in the human body and cause diverse extraintestinal infections \[[@CR1], [@CR2]\]. Compared to commensal *E. coli* strains, extraintestinal strains have larger genomes and encode more virulence factors \[[@CR3]\]. The group of ExPEC strains includes uropathogenic *E. coli* strains, septicemia-associated *E. coli*, meningitis-associated *E. coli,* and other strains \[[@CR4]\]. ExPEC strains typically encode i) virulence factors that allow them to bind to human cells (e.g. P-fimbriae, S-fimbriae) \[[@CR5], [@CR6]\], ii) factors important for survival in the human body (e.g. siderophores), and iii) factors capable of damaging human cells and tissues (e.g. hemolysin, cytotoxin necrotizing factor) \[[@CR7]\].

Another important feature of pathogenic and also commensal *E. coli* strains is production of bacteriocins \[[@CR8]--[@CR12]\]. Colicins and microcins (bacteriocins) are antibacterial proteins or peptides, respectively, differing in a number of characteristics including molecular mass, presence of post-translational modifications, export from producer cells, etc. Colicin Js is known to share features of both colicins and microcins \[[@CR9], [@CR10], [@CR13], [@CR14]\]. Bacteriocin production has been shown to play an important ecological role in bacterial competition \[[@CR15]\]. In addition to antimicrobial activity, several bacteriocin types have also been shown to inhibit proliferation of eukaryotic cells \[[@CR16]\]. In previous reports, an association of bacteriocin production with *E. coli* virulence factors was described \[[@CR10]--[@CR12], [@CR17]\] as well as a positive correlation between the frequency of bacteriocinogeny and the number of virulence factors encoded by *E. coli* strains \[[@CR17]\]. In a former study, production of virulence factors typical for the ExPEC pathotype (*sfa*, *pap*, *aer*, *iucC*, *cnf1*, *α-hly*), in the set of fecal *E. coli* strains, was associated with a higher frequency of bacteriocinogeny, a higher prevalence of bacteriocin multi-producers, and a greater abundance of microcins H47, M, V, B17, and colicins E1, Ia, and S4 \[[@CR17]\]. In addition, production of microcin types H47, M, I47, E492, and V, and colicin E1 was associated with the uropathogenic *E. coli* pathotype \[[@CR10]--[@CR12]\]. Higher production of microcin V was also detected in septicemia-associated ExPEC strains isolated from blood \[[@CR18]\].

In this study, we characterized a set of 407 human extraintestinal pathogenic *E. coli* isolated from different body sites and determined the prevalence of 30 bacteriocin determinants representing most of the known bacteriocin types. In addition, we determined 18 virulence determinants typical of intestinal and extraintestinal pathogenic *E. coli* strains and also the main phylogroups of *E. coli* (A, B1, B2, and D)*.* ExPEC strains were isolated from skin and soft tissue infections, as well as from respiratory, intra-abdominal, and genital infections. Results obtained in this study were compared to a previously characterized and published set of 1283 human fecal *E. coli* strains \[[@CR19], [@CR20]\].

Results {#Sec2}
=======

Origin of extraintestinal pathogenic *E. coli* and fecal strains {#Sec3}
----------------------------------------------------------------

The ExPEC strains (*n* = 407) were isolated between 2007 and 2012 from patients attending the University Hospital in Brno, Czech Republic (Table [1](#Tab1){ref-type="table"} and Additional file [1](#MOESM1){ref-type="media"}: Table S1) and characteristics of these strains are shown in Table [1](#Tab1){ref-type="table"}. The ExPEC strains were isolated from patients suffering from skin and/or soft tissue infections (SSTIs) (*n* = 154), from patients with respiratory infections (*n* = 111), from patients with intra-abdominal infections (*n* = 87), and from patients with genital infections (*n* = 55).Table 1ExPEC strains (*n* = 407) characterized in this studyOrigin of ExPEC strains (*n* = 407)Characteristics of patientsSSTIs^a^ (*n* = 154)Respiratory infections (*n* = 111)Intra-abdominal infections (*n* = 87)Genital smears (*n* = 55)Total no. of strains (*n* = 407)Females62434640192Males92684115215Average age45.841.056.433.545.1Age range1y -- 98y1y -- 88y1y -- 88y1y -- 76y1y -- 98y^a^ExPEC strains isolated from patients suffering from skin and/or soft tissue infections

A set of 1283 *E. coli* strains of fecal origin had been isolated from patients in the Czech Republic during the same years (i.e. 2007--2012) and previously described in detail \[[@CR19], [@CR20]\].

Detection of virulence factors in ExPEC and fecal strains {#Sec4}
---------------------------------------------------------

Results of detection of 18 DNA determinants (pCVD432*, α-hly*, *afaI*, *aer*, *cnf1*, *sfa*, *pap*, *ial*, *lt*, *st*, *bfpA, eaeA, ipaH, iucC, fimA, stx1*, *stx2*, and *ehly*) encoding 17 different virulence factors in both ExPEC and fecal strains are shown in Fig. [1](#Fig1){ref-type="fig"} and Additional file [2](#MOESM2){ref-type="media"}: Table S2. Virulence genes encoding aerobactin synthesis (*iucC*, *aer*), fimbriae type 1 (*fimA*), S (*sfa*) and P (*pap*), afimbrial adhesin I (*afaI*), cytotoxic necrotizing factor (*cnf1*), and α-hemolysin (α-hly) were significantly more common in the set of ExPEC strains, compared to fecal *E. coli* strains (Fig. [1](#Fig1){ref-type="fig"}). No virulence determinant was found to be more common among fecal *E. coli* strains, compared to ExPEC strains.Fig. 1Significant differences in the prevalence of virulence determinants, *E. coli* phylogroups, bacteriocin producers, and the prevalence of bacteriocin determinants among ExPEC and fecal strains (for all results see Additional file [3](#MOESM3){ref-type="media"}: Table S3). Note: statistically significant results with \*0.05 \> *p* \> 0.01 or with \*\**p* \< 0.01; \*\*\*bacteriocin producers

Distribution of *E. coli* phylogenetic groups in ExPEC and fecal strains {#Sec5}
------------------------------------------------------------------------

Among 407 tested ExPEC strains, the most prevalent phylogenetic group was B2 (*n* = 214; 52.6 %), followed by phylogroup D (*n* = 75; 18.4 %), A (*n* = 75; 18.4 %), and B1 (*n* = 43; 10.6 %). Compared to fecal *E. coli* strains, ExPEC strains had a higher prevalence of phylogenetic group B2 (38.3 vs. 52.6 %, respectively; *p* \< 0.01) (Fig. [1](#Fig1){ref-type="fig"} and Additional file [2](#MOESM2){ref-type="media"}: Table S2).

Bacteriocinogeny and bacteriocin types in ExPEC and fecal strains {#Sec6}
-----------------------------------------------------------------

The overall frequency of bacteriocinogeny was significantly higher in the set of ExPEC strains (63.1 %), compared to fecal *E. coli* strains (54.2 %; *p* \< 0.01) (Fig. [1](#Fig1){ref-type="fig"}). While strains producing colicins, but no microcins, were under-represented among ExPEC bacteriocinogenic strains compared to fecal bacteriocinogenic strains (20.2 vs. 28.8 %, respectively; *p* \< 0.01), strains producing only microcins (i.e., no colicin types) were more prevalent (45.1 vs. 30.8 %, respectively; *p* \< 0.01).

The distribution of bacteriocin determinants encoding different bacteriocin types was different between ExPEC and fecal strains. Among ExPEC bacteriocinogenic strains, a higher prevalence of the microcin M determinant (41.2 vs. 23.5 %, respectively; *p* \< 0.01) and a lower prevalence of determinants encoding microcin B17 (5.4 vs. 12.2 %, respectively; *p* \< 0.01), colicins Ib (3.1 vs. 8.9 %; respectively; *p* \< 0.01), and Js (1.6 vs. 4.3 %, respectively; *p* = 0.05) was detected, compared to fecal *E. coli* (Fig. [1](#Fig1){ref-type="fig"} and Additional file [2](#MOESM2){ref-type="media"}: Table S2).

In general, microcin determinants were more prevalent, while colicin determinants were less prevalent among ExPEC strains compared to fecal strains (Fig. [1](#Fig1){ref-type="fig"} and Additional file [2](#MOESM2){ref-type="media"}: Table S2).

Detection of individual bacteriocin determinants in phylogroups of ExPEC and fecal strains {#Sec7}
------------------------------------------------------------------------------------------

In ExPEC strains, there was a 64.4 % frequency of bacteriocinogeny in the phylogenetic groups A + B1 and 62.6 % in the phylogroups B2 + D. In fecal strains, the frequency of bacteriocinogeny was significantly lower (*p* = 0.03) in the less pathogenic phylogroups A + B1 (49.9 %), compared to phylogroups B2 + D (56.5 %). Since previous reports showed that several bacteriocin determinants were associated with *E. coli* phylogroups \[[@CR20]\], we tested for the prevalence of bacteriocin determinants within less and more virulent phylogroups (A + B1 vs. B2 + D, respectively, Table [2](#Tab2){ref-type="table"} and Additional file [3](#MOESM3){ref-type="media"}: Table S3). Bacteriocin type mC7 was found to be more common among ExPEC strains of phylogroup A and B1 compared to the same fecal phylogroups. In contrast to microcin C7, the bacteriocin determinant encoding mM was more common in B2 + D phylogroups of ExPEC compared to fecal strains (Table [2](#Tab2){ref-type="table"}). At the same time, microcin B17 was found to be under-represented among ExPEC strains of phylogroups B2 and D.Table 2Detection of individual bacteriocin determinants in ExPEC and fecal bacteriocin producers within less virulent phylogenetic groups A + B1 compared to more virulent phylogroups B2 + DBacteriocin determinant^a^ExPEC strainsFecal strains*P* value^a^ExPEC strainsFecal strains*P* valueA + B1 (*n* = 118) %A + B1 (*n* = 455) %B2 + D (*n* = 289) %B2 + D (*n* = 828) %Bacteriocinogeny76 (64.4)227 (49.9)0.03181 (62.6)468 (56.5)-mM determinant^b^13 (17.1)24 (10.6)-93 (51.4)139 (29.7)\<0.01mB17 determinant4 (5.3)19 (8.4)-10 (5.5)66 (14.1)\<0.01mC7 determinant6 (7.9)4 (1.8)0.024 (2.2)8 (1.7)-^a^Only statistically significant results are shown, for other results see Additional file [4](#MOESM4){ref-type="media"}: Table S4^b^Bacteriocin determinants (mM, mB17, and mC7) of bacteriocinogenic *E. coli* isolates

Virulence factors, *E. coli* phylogroups and bacteriocinogeny within ExPEC strains {#Sec8}
----------------------------------------------------------------------------------

Compared to fecal *E. coli* strains, ExPEC strains isolated from patients suffering from skin and/or soft tissue infections (SSTIs) (*n* = 154) showed higher prevalence of determinants encoding aerobactin synthesis and uptake, fimbriae type I, and afimbrial adhesin I (Fig. [2](#Fig2){ref-type="fig"} and Additional file [4](#MOESM4){ref-type="media"}: Table S4). The ExPEC strains from patients with respiratory infections (*n* = 111) showed a higher prevalence of determinants encoding aerobactin synthesis and uptake, fimbriae type I, α-hemolysin, cytotoxic necrotizing factor, and S-fimbriae. ExPEC from patients with intra-abdominal infections (*n* = 87) had a higher prevalence of determinants encoding aerobactin synthesis and uptake. ExPEC from patients with genital infections (*n* = 55) showed no detectable differences in encoded virulence factors compared to fecal strains (Fig. [2](#Fig2){ref-type="fig"} and Additional file [4](#MOESM4){ref-type="media"}: Table S4).Fig. 2Significant differences in the distribution of virulence factors, *E. coli* phylogroups, bacteriocin production, and bacteriocin determinants between subgroups of ExPEC and fecal strains (for all results see Additional file [4](#MOESM4){ref-type="media"}: Table S4). Note: statistically significant results with \*0.05 \> *p* \> 0.01 or with \*\**p* \< 0.01; \*\*\*bacteriocin producers

ExPEC strains from SSTIs, strains from respiratory infections, and strains from genital infections, but not strains from intra-abdominal infections, showed a higher prevalence of phylogroup B2 (*p* \< 0.01, Fig. [2](#Fig2){ref-type="fig"}) compared to fecal strains. In addition, the set of strains isolated from SSTIs also had a lower prevalence of phylogenetic group A (*p* \< 0.01) compared to fecal *E. coli* strains (Fig. [2](#Fig2){ref-type="fig"}).

Within ExPEC strains, the highest rate of bacteriocinogeny was found in *E. coli* strains isolated from genital smears (80.0 %). Compared to fecal strains, strains isolated from SSTIs and strains from genital infections showed a higher prevalence of the mM determinant. Strains from respiratory infections showed a higher prevalence of determinants encoding both mM and mH47 (Fig. [2](#Fig2){ref-type="fig"}). Both, ExPEC strains from respiratory infections, and strains from genital infections, showed a higher prevalence of microcin determinants, respectively (*p* \< 0.01). At the same time, these strains showed a lower prevalence of colicin determinants.

Discussion {#Sec9}
==========

ExPEC strains characterized in this study were isolated from various sites of infection including skin and/or soft tissue infections, respiratory, intra-abdominal, and genital infections. Compared to fecal strains isolated during the same time period in a similar geographical area, ExPEC strains showed a higher prevalence of seven known virulence factors. These virulence factors comprised adherence factors, aerobactin synthesis and uptake, and cytotoxin synthesis, which is consistent with increased ability to colonize extraintestinal body sites and represents the initial step in the development of extraintestinal infections. These findings are in agreement with previous studies on ExPEC strains \[[@CR5]--[@CR7], [@CR21]--[@CR25]\].

Phylogenetic analysis revealed that phylogenetic group B2 was dominant in the set of extraintestinal pathogenic *E. coli* tested in this study. A high prevalence of phylogenetic group B2 is typical of more virulent *E. coli* strains \[[@CR26]\] and a higher prevalence of phylogenetic group B2 (35.0 %) has been described in *E. coli* strains isolated from bacteremia \[[@CR27]\] and in uropathogenic strains (55.0 %) \[[@CR28]\]. In a different set of *E. coli* strains isolated from blood, wound, swab, pus, urine, cerebrospinal fluid, ascitic fluid, and intravascular devices, phylogroups B2 (35.0 %) and D (36.0 %) were found to be most prevalent \[[@CR29]\]. Molecular epidemiology, based on MLST (Multilocus sequence typing), also revealed that the phylogroup B2 was correlated with the ExPEC pathotype \[[@CR23]\]. ExPEC strains characterized in this study were clearly more virulent compared to fecal strains.

Compared to fecal strains from phylogroup A and B1, microcin type C7 was found to be more common among ExPEC strains of the same phylogroups. These data are consistent with the role of bacteriocin genes regarding increased virulence of *E. coli* strains. Alternatively to bacteriocin genes, genes encoded on the same plasmids could contribute to the increased virulence of these strains since mC7 plasmids are relatively large with a number of genes of predicted and unknown functions \[[@CR30]--[@CR33]\].

A higher frequency of bacteriocin determinant mM among B2 + D phylogroups suggest that microcin M and/or genes in the same linkage group contribute to the virulence of ExPEC strains. Previous reports have shown that the mM and mH47 locus is abundant in uropathogenic isolates, while the cluster seldom appeared in intestinal or in other extraintestinal *E. coli* isolates \[[@CR10]--[@CR12], [@CR17], [@CR34]\]. Our study showed that the percentage of strains coding for mM and mH47 differed among ExPEC strains of diverse origin suggesting that the source of extraintestinal *E. coli* isolates affects the prevalence of mM and mH47 determinants. Despite the fact that microcins H47 and M are typically produced together, sequence analyses have revealed frequent rearrangements at this locus \[[@CR7], [@CR17], [@CR20], [@CR27], [@CR34]\]. The incomplete linkage of the microcin H47 and M locus is also supported by our results.

*E. coli* strains isolated from intra-abdominal infections were not phylogenetically distinct from fecal flora suggesting that any *E. coli* strain having access to the abdominal cavity can cause an infection. This was also true for all other tested parameters with just one exception, which related to increased synthesis and uptake of siderophore aerobactin. Access to iron thus appears to be of importance to *E. coli* strains causing infections in intra-abdominal environment

*E. coli* strains isolated from respiratory infections showed a lower number of colicin producers and a higher number of microcin producers, and also a higher representation of phylogroup B2. Unlike other tested ExPEC strains, these strains also showed a higher prevalence of microcin H47, in addition to a higher prevalence of microcin M determinants, suggesting selection for a complete chromosomal region encoding both microcins H47 and M \[[@CR31]\].

Strains isolated from genital infections showed the highest rate of bacteriocinogeny (reaching 80 %) and also of microcin production, even though they produced only six different colicin types. Based on the prevalence of phylogroup B2, *E. coli* strains isolated from genital smears were the most virulent in our set of ExPEC strains. Although, there was no evidence for a direct association between ExPEC strains and bacteriocinogeny, previous studies have found an association between virulence factors and bacteriocin determinants, suggesting a role for bacteriocin in bacterial virulence \[[@CR10]--[@CR12], [@CR17]\]. It is widely accepted that strains causing genital infections and uropathogenic strains originate from fecal flora, which represents a reservoir of these strains \[[@CR35], [@CR36]\]. Genital infections appear to be caused by only the most virulent and bacteriocinogenic subset of fecal *E. coli* strains.

*E. coli* strains isolated from skin and soft tissue infections, i.e., decubiti, abscesses, and surgical wounds, showed a higher prevalence of microcin M and a higher prevalence of phylogenetic group B2. Results published by Petkovšek et al. (2009) revealed a similarly higher incidence of phylogroup B2 in a group of 102 SSTIs strains \[[@CR22]\]. However, in general, *E. coli* strains isolated from skin and soft tissue infections showed a bacteriocinogeny frequency comparable to fecal *E. coli*. Bacteriocin synthesis, therefore, in these skin and soft tissue infections does not appear to be of selective advantage. At the same time, skin and soft tissue infections including decubiti, abscesses, and surgical wounds are typical for hospitalized patients and therefore likely hospital-acquired \[[@CR22]\]. It has been previously reported that uropathogenic ESBL-producing hospital-acquired strains showed a low frequency of bacteriocinogeny \[[@CR37]\]. Since hospital-acquired strains are often of clonal origin, we have tested genetic heterogeneity among the SSTIs strains used in this study. Detection of four *E. coli* phylogroups, 18 different virulence, and 30 different bacteriocin determinants among the 154 strains analyzed in this study revealed 103 distinct phenotypes (data not shown) suggesting that the strains causing SSTIs are not of clonal origin.

Conclusions {#Sec10}
===========

In summary, we have described a higher frequency of bacteriocinogeny in a set of ExPEC strains isolated from various human extraintestinal infections relative to fecal *E. coli*. Production of bacteriocins is important for most extraintestinal strains isolated from various locations on and in the human body. In general, the extraintestinal environment appears to select for strains with chromosomally encoded microcins (predominantly of mH47 and mM), while plasmid-encoded microcin and colicin types (e.g. mB17, Ia, M) appear to be contra-selected among ExPEC strains suggesting their contribution to fitness in fecal *E. coli* strains.

Methods {#Sec11}
=======

Bacterial strains {#Sec12}
-----------------

Human extraintestinal *E. coli* strains were collected between 2007 and 2012 from patients attending the University Hospital in Brno (*n* = 407) (Table [1](#Tab1){ref-type="table"} and Additional file [1](#MOESM1){ref-type="media"}: Table S1). From each patient, a single *E. coli* strain was isolated and the ENTEROtest16 (Erba Lachema, Czech Republic) was used for biochemical identification. ExPEC strains used in the study were isolated from various extraintestinal infections and included 1) *E. coli* strains isolated from skin and/or soft tissue infections (SSTIs), 2) *E. coli* strains isolated from respiratory infections (nasal, oral, and throat smears and/or sputum), 3) *E. coli* strains isolated from intra-abdominal infections, and 4) *E. coli* strains isolated from genital smears. ExPEC strains were defined as strains isolated from extraintestinal environment causing an extraintestinal infection (Additional file [1](#MOESM1){ref-type="media"}: Table S1).

A set of 1283 *E. coli* strains of fecal origin had been isolated from patients at two university hospitals in Brno (*n* = 1181) and one in Hradec Králové in the Czech Republic during the same years (i.e. 2007--2012) and previously described in detail \[[@CR19], [@CR20]\].

For identification of colicin and microcin determinants among tested strains, known bacteriocin producers were used as positive controls: *E. coli* BZB2101pColA - CA31, BZB2102 pColB - K260, BZB2103 pColD - CA23, BZB2107 pColE4 - CT9, BZB2108 pColE5 - 099, BZB2150 pColE6 - CT14, BZB2120 pColE7 - K317, BZB2279 pColIa - CA53, BZB2202 ColIb - P9, BZB2116 pColK - K235, PAP1 pColM - BZBNC22, BZB2123 pColN - 284 (original source: A. P. Pugsley), *E. coli* 189BM pColE2 - P9 (B. A. D. Stocker), *E. coli* 385/80 pColE1, pColV (H. Lhotová), *E. coli* 185 M4 pColE3 - CA38 (P. Fredericq), *E. coli* W3110 pColE8, W3110 pColE9 (J. R. James), *E. coli* K-12 pColS4 (D. Šmajs), *S. boydii* M592 (serovar 8) pColU (V. Horák), *E. coli* K339 pColY (D. Friedman), *Shigella sonnei* (colicinotype 7) pColJs (J. Šmarda), *E. coli* pCol5, *E. coli* pCol10 (H. Pilsl), *E. coli* 449/82 pColX (microcin B17), *E. coli* 313/66 pColG (microcin H47), *E. coli* 363/79 pColV (microcin V, original source: H. Lhotová), *E. coli* TOP10F\' pDS601 (microcin C7), *E. coli* D55/1 (microcin J25), and *E. coli* B1239 (microcin L, D. Šmajs) \[[@CR11], [@CR17]\].

Positive controls for detection of virulence determinants were taken from our laboratory stock and comprised the following strains: *E. coli* B2917 (pCVD432), *E. coli* B3428 (*α-hly*), *E. coli* B3406 (*afaI*), *E. coli* B3427 (*aer*), *E. coli* B3410 (*cnf1*), *E. coli* B3418 (*sfa*), *E. coli* B3406 (*pap*), *E. coli* B3430 (*ial*), *E. coli* B2541 (*st*), *E. coli* B2802 (*lt*), *E. coli* B1804 (*bfpA*), *E. coli* B2905 (*eaeA*), *E. coli* B2987 (*ipaH*), *E. coli* B3411 (*iucC*), *E. coli* B3404 (*aer*), *E. coli* B3423 (*fimA*), and *E. coli* B2871 (*ehly*).

Detection of colicin and microcin determinants {#Sec13}
----------------------------------------------

A previously described method \[[@CR11], [@CR17]\] was used for detection of bacteriocin producers. Briefly, bacteriocinogeny of ExPEC strains (*n* = 407) was tested on agar plates against six indicator strains *E. coli* K12-Row, C6 (ϕ), B1, P400, S40, and *Shigella sonnei* 17. Identification of genetic determinants encoding 23 colicin (A, B, D, E1, E2-9, Ia, Ib, Js, K, L, M, N, S4, U, Y, and 5/10) and 7 microcin (H47, M, B17, C7, J25, L, and V) types, in bacteriocin producers, was performed using the DNA-PCR and colony PCR method. The list of primer pairs and the length of PCR products are in a separate file (Additional file [5](#MOESM5){ref-type="media"}: Table S5). The PCR protocol was as follows: 94 °C (2 min for DNA-PCR method; 5 min for colony PCR); 94 °C (30 s), 60 °C (30 s), 72 °C (1 min), 30 cycles; 72 °C (7 min). Because of the sensitivity of microcin types H47 and M to chloroform vapors, all investigated ExPEC and fecal *E. coli* strains were tested for the presence of microcin encoding genes using PCR \[[@CR38]\]. PCR products of related bacteriocin types (colicins E2-9, Ia-Ib, and U-Y) were sequenced using dideoxy chain terminator sequencing with amplification primers (Additional file [5](#MOESM5){ref-type="media"}: Table S5) and sequences were analyzed using Lasergene software (DNASTAR, Inc., Madison, WI).

Detection of virulence factors {#Sec14}
------------------------------

The presence of 18 virulence determinants (pCVD432*, α-hly*, *afaI*, *aer*, *cnf1*, *sfa*, *pap*, *ial*, *lt*, *st*, *bfpA, eaeA, ipaH, iucC, fimA, stx1*, *stx2*, and *ehly*) encoding 17 virulence factors was screened in ExPEC strains. The primer pair sequences, PCR product lengths and PCR protocols used, were previously described \[[@CR39]--[@CR46]\].

Phylogenetic group analysis {#Sec15}
---------------------------

The phylogenetic groups (A, B1, B2, and D) of 407 extraintestinal *E. coli* strains were determined using the triplex PCR protocol (detection of *chuA*, *yjaA* genes, and TspE4.C2 fragment) described previously \[[@CR47]\].

Statistical analysis {#Sec16}
--------------------

The statistical significance of the prevalence of bacteriocin determinants, *E. coli* phylogenetic groups, and virulence factors was performed by applying standard methods derived from the binomial distribution, including the two-tailed test. *STATISTICA* version 8.0 (StatSoft, Tulsa, OK, USA) was used for statistical calculations. The Bonferroni correction was used in analyses involving multiple comparisons.

Additional files {#Sec17}
================

Additional file 1:**Table S1.** Complete list of ExPEC strains (*n* = 407) characterized in this study. (XLSX 90 kb)Additional file 2:**Table S2.** Distribution of *E. coli* phylogroups, virulence factors, bacteriocin producers, and the prevalence of bacteriocin determinants in ExPEC strains and fecal *E. coli* strains. (XLSX 13 kb)Additional file 3:**Table S3.** Detection of individual bacteriocin determinants in ExPEC and fecal bacteriocin producers within less virulent phylogenetic groups A + B1 compared to more virulent phylogroups B2 + D. (XLSX 11 kb)Additional file 4:**Table S4.** Differences in the distribution of virulence factors, *E. coli* phylogroups, bacteriocin production, and bacteriocin determinants between subgroups of ExPEC strains and fecal strains. (XLSX 14 kb)Additional file 5:**Table S5.** List of primers and the length of PCR products. (DOCX 19 kb)

*E. coli*

:   *Escherichia coli*

ExPEC

:   Extraintestinal pathogenic *Escherichia coli*

PCR

:   Polymerase chain reaction

SSTIs

:   Skin and/or soft tissue infections

MLST

:   Multilocus sequence typing

ESBL

:   Extended Spectrum ß-Lactamase

TY agar

:   Tryptone yeast agar
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